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1 Various interventions such as hypophysectomy, hypothyroidism, adrenalectomy, castration, and protein-free diet have been shown to result in cardiac atrophy. Likewise, heterotopically isotransplanted rat hearts, which experience a long-term effect of reduced hemodynamic load, have been reported to exhibit a considerable decrease in muscle mass. 1, [3] [4] [5] Although no changes in the isometric contraction phase of the transplanted cardiac muscle were found to occur, the relaxation phase of the papillary muscles was prolonged only at high frequencies of stimulation (> 24 stimuli/minute) and high concentration of calcium (> 2.0 mM Ca 2þ ). 4 Furthermore, the abilities of sarcoplasmic reticulum to accumulate and release Ca 2þ were found to be impaired in the transplanted hearts. 
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Following heterotopic transplantation, the rat heart undergoes atrophy and exhibits delayed cardiac relaxation without any changes in contraction and systolic Ca 2þ transients. Furthermore, the sarcoplasmic reticular Ca 2þ uptake and release activities were reduced and Ca 2þ influx through L-type Ca 2þ channels was increased in the atrophied heart. Since Ca 2þ movements at sarcolemma are intimately involved in the regulation of intracellular Ca 2þ concentration, the present study was undertaken to test if sarcolemma plays any role to maintain cardiac function in the atrophied heart. The characteristics of sarcolemmal Ca 2þ pump and Na þ -Ca 2þ exchange activities were examined in 8 weeks heterotopically isotransplanted rat hearts which did not support hemodynamic load and underwent atrophy. Sarcolemmal ATP (adenosine triphosphate)-dependent Ca 2þ uptake and Ca 2þ -stimulated ATPase (adenosine triphosphatase) activities were increased without any changes in Na þ -K þ ATPase activities in the transplanted hearts. Although no alterations in the Na þ -dependent Ca 2þ uptake were evident, Na þ -induced Ca 2þ release was increased in the transplanted heart sarcolemmal vesicles. The increase in Na þ -induced Ca 2þ release was observed at different times of incubation as well as at 5, 20, and 40 mM Na þ . The sarcolemma from transplanted hearts also showed higher contents of phosphatidic acid, sphingomyelin, and cholesterol.These results indicate that increases in the sarcolemmal, Ca 2þ transport activities in unloaded heart may provide an insight into adaptive mechanism to maintain normal contractile behavior of the atrophic heart.
that some important changes in calcium movements may occur in the cardiac cell of the atrophied heart. Since sarcolemmal Ca 2þ pump and Na þ -Ca 2þ exchange mechanisms are considered to be intimately involved in the regulation of the intracellular concentration of calcium, [6] [7] [8] it is possible that the sarcolemmal membrane may also undergo alterations during the development of atrophy in transplanted hearts. Accordingly, it was the purpose of this study to investigate the status of sarcolemma with respect to Ca 2þ pump and Na þ -Ca 2þ exchange activities in atrophied, transplanted myocardium that undergoes hemodynamic unloading. Experiments were also performed to gain some information regarding the mechanisms of sarcolemmal alteration by monitoring the membrane composition with respect to phospholipid and cholesterol content in the transplanted hearts.
Methods Experimental Animals
The protocol and experimental design for the use of animals in this study were approved by the University of Manitoba Animal Care Committee according to the guidelines of the Canadian Council on Animal Care and the Guide to the Care and Use of Laboratory Animals. Male Lewis inbred rat (Microbiological Associates) weighing 300 to 400 g was used in this study. The animals were anesthetized with pentobarbital (40 mg/kg, i.p.) and the heart from one animal was transplanted in the abdominal cavity of another rat for retrograde perfusion of coronary arteries from the aorta of the recipient according to the procedure described previously. [2] [3] [4] The details for preparing this heterotropically isotransplanted heart, as well as other characteristics of this experimental model have been outlined earlier. 4 After a period of 4 to 6 weeks, the transplanted as well as the host (control) animals were transported from Ottawa to Winnipeg where these were maintained for approximately 4 weeks in the Animal Care Facility of the St. Boniface Hospital Research Centre before use for biochemical studies. The animals were sacrificed after pentobarbital (40 mg/kg, i.p.) anesthesia and hearts were removed. The ventricles were frozen in the liquid N 2 and stored at À70°C for biochemical analysis. Since the sham operated control hearts without transplant were found not to differ from the host hearts, the former group was not used for comparison.
Preparation of Sarcolemma
Sarcolemmal membranes were isolated from the ventricular tissue according to the method outlined by Pitts. 
Measurement of Na þ -Ca 2þ Exchange Activities
The Na þ -Ca 2þ exchange activities in the sarcolemmal vesicles were measured out according to the procedures described by Reeves and Sutko 13 with some modifications. For studying Na þ -dependent Ca 2þ uptake, the vesicles were suspended in 160 mM NaCl, 20 mM Tris-MOPS, pH 7.4, and incubated at 37°C for 60 minutes. These Na þ -loaded vesicles (10-15 µg protein) were diluted 1:50 in 160 mM KCl containing 20 mM Tris-MOPS, pH 7.4, 10 µM CaCl 2 (calcium chloride) in a total volume of 500 µL and incubated at 37°C. Samples of 100 µL were filtered through Millipore filters (0.45 µm) and washed with 1 mL of ice cold 160 mM KCl, 20 mM Tris-MOPS, pH 7.4, and 1 mM LaCl 3 . The radioactivity on the dried filters was counted for determining the total Ca 2þ uptake activity. Nonspecific Ca 2þ uptake in these experiments was measured by suspending the Na þ -loaded vesicles in the above medium except 160 mM KCl was replaced by 160 mM NaCl; this value was subtracted from the total Ca 2þ uptake to obtain
-uptake activity. To measure Na þ -induced 
Determination of Phospholipid and Cholesterol Contents
The phospholipid composition of the sarcolemmal preparations was determined by extracting phospholipids in a chloroform:methanol solution (2:1), separating phospholipid by thin layer chromatography and measuring inorganic phosphate (Pi) through spectrophotometer according to the procedure described elsewhere.
14 The cholesterol content in the membrane was determined by cholesterol esterase method using cholesterol kit reagent of Sigma Chemical, St. Louis, MO.
Statistical Analysis
Statistical analysis of the data was performed by using the student's t-test and a p-value < 0.05 was taken to reflect a significant difference.
Results

Characterization of the Membrane Preparation
Although ventricular weight in the transplanted hearts was decreased markedly in comparison to the control hearts, no significant difference (p > 0.05) in sarcolemmal yields was evident in two groups (►Table 1). 
Sarcolemmal Phospholipid and Cholesterol
To gain some information regarding sarcolemmal changes in transplanted hearts, the phospholipid composition and cholesterol content of the membrane preparations employed, in this study, were examined. The data in ►Table 4 indicate no alteration in the composition of any major phospholipids except that sphingomyelin and phosphatidic acid contents were increased in the transplanted membranes. Furthermore, cholesterol content and cholesterol/phospholipid ratio in the experimental preparations were markedly higher than those in the control membranes (►Table 4).
Discussion
In this study, we have shown that ATP-dependent Ca 2þ -uptake and Na þ -induced Ca 2þ -release activities in sarcolemmal vesicles were increased in transplanted atrophied rat hearts. These changes do not appear to be due to any alterations in the permeability characteristics of the membrane vesicles because the nonspecific Ca 2þ binding of transplanted membranes was not different from the control. In fact, the augmented sarcolemmal Na þ -induced Ca 2þ -release activity seems to be due to changes at some specific site because Na þ -dependent Ca also shown unaltered density of the Na þ -Ca 2þ exchange current in atrophied heart. 5 However, several studies have reported changes in the Na þ -dependent Ca 2þ uptake and Na þ -induced Ca 2þ release activities independent of each other under a variety of different experimental conditions.
10,16-21
On the other hand, the observed increase in ATP-dependent Ca 2þ uptake activity may be due to higher Ca 2þ -stimulated ATPase activity in the transplanted heart, since this enzyme is considered to serve as Ca 2þ pump in the sarcolemmal membrane. 8 Such changes in the sarcolemmal Ca 2þ transport system may be considered as an adaptive mechanism for maintaining the intracellular concentration of Ca 2þ within normal range because Ca 2þ influx through L-type Ca 2þ channels is increased 5 and Ca 2þ uptake by sarcoplasmic reticulum is reduced 4,5 in the transplanted atrophied heart. Increased sarcolemmal Ca 2þ pump activity has also been observed in the hypothyroid atrophied rat heart.
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It is unlikely that the high Na þ -Ca 2þ exchange and Ca 2þ pump activities in transplanted sarcolemma are due to any differential cross contamination because the purity factor with respect to Na þ -K þ ATPase activity in the experimental preparation was similar to that for the control membranes. Furthermore, marker enzyme activities indicated minimal but equal extent of cross contamination by mitochondria, sarcoplasmic reticulum, and myofibrils in both preparations. No difference in the sidedness of membrane vesicles from control and transplanted hearts was apparent because the sensitivity of Na þ -K þ ATPase to oubain was same in both preparations. On the other hand, changes in the sarcolemmal phospholipid composition may explain the observed alterations in Na þ - transport activities at the sarcolemma and sarcoplasmic reticulum may explain the ability of cardiac muscle from the transplanted hearts to exhibit normal contractile activity at stimulation frequencies less than 24 stimuli/minute or at calcium concentrations less than 2 mM calcium.
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It may be noted that intracellular Ca 2þ concentration which is pivotal to electromechanical coupling in heart were found to be unaffected in cardiac atrophy. Thus, it is safe to predict that load-dependent remodeling of systolic Ca 2þ transients as seen in cardiac hypertrophy may be increased whereas these are unchanged in decreased cardiac workload to conserve the functional properties of contraction as seen in atrophic heart. It has been shown that failing heart has decreased sarcoplasmic reticulum Ca 2þ uptake as well decreased sarcolemmal Ca 2þ efflux mechanism to develop a situation of intracellular 
